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© A pulsed fluid jet surgical instrument includes a 
cannula 22 extending from a handpiece 21, the 
cannula emitting a pulsed fluid jet for cutting and 
emulsification purposes, and also providing suction 
for aspiration and evacuation of the fluid and tissue. 
A pressure intensifier piston arrangement 36 re- 
ceives fluid at relatively low pressure, and operates 
reciprocally and reiteratively to pump the fluid 
through the jet needle 54 in a series of high pres- 
sure pulses, each having a nearly rectangular pres- 
sure waveform. The pressure intensifier piston is T- 
shaped, including a broad end 37 which divides a 
drive bore into a driving chamber and a retracting 
chamber. A bistable valve 40 is connected to admit 
high pressure gas into the actuating chamber, driv- 
ing the piston to translate. The narrow end of the 
piston is disposed in a fluid pumping chamber con- 
nected to a supply of fluid. The translating piston 
drives the fluid from the pumping chamber through a 
first check valve into a fluid jet needle, which directs 
the high pressure fluid pulse to a tissue target The 
bistable valve switches to admit pressurized gas to 
the retracting chamber, driving the piston retrograde 
and allowing the pumping chamber to refill with fluid 
through a second check vaJve. There is no high 



pressure fluid supplied to the handpiece, and only 
the pressure intensifying pumping action of the pis- 
ton creates a high pressure fluid pulse. The gas 
supply to drive the piston is at a relatively low 
pressure, so that gas pressure cannot comprise a 
safety risk to the patient Thus failure of the piston 
mechanism cannot result in the emission of a stream 
of high pressure fluid, and the instrument is inher- 
ently safer than prior art instruments that are con- 
nected to a high pressure fluid source. 
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Background of the Invention 

The present invention generally relates to sur- 
gical cutting tools, and more particularly to cutting 
tools employing a fluid jet as the active cutting 
agent. 

There is currently a great amount of interest in 
new technologies to replace or supplant traditional 
surgical cutting tools such as the scalpel Laser- 
based tools, electrosurgical cutters, plasma jets, 
and fluid jets have all been introduced to improve 
various surgical and medical procedures. Each 
technology has advantages for particular proce- 
dures, as well as intrinsic drawbacks. Fluid jet 
cutters have several characteristics that make it all 
attractive new technology. For example, pulsed flu- 
id jet cutters involve no electrical current or volt- 
age, which can comprise a safety risk factor in 
delicate surgeries. Likewise, there is little heat gen- 
erated by fluid jets. Indeed, fluid jets are inherently 
self-cooling. Also, the effects of pulsed fluid jets 
can be extremely localized and directional, unlike 
electrosurgical tools and some laser instruments. 

Moreover, fluid jet cutters excel at removing 
soft tissue, due to the fact that high pressure 
pulsed jets tend to emulsify soft tissue, and the 
emulsified tissue is easily transported by aspiration 
away from the surgical site. In contrast, competing 
technologies such as laser cutters and electrosur- 
gicai cutters remove tissue by ablation or elec- 
trothermal dissolution. Both of these effects tend to 
create collateral thermal damage and necrosis, 
which is generally unwanted and often intolerable 
for medical purposes. 

Indeed, the fact that fluid jet cutting devices 
include aspiration and evacuation as an integral 
portion of the device is an added benefit for many 
surgical procedures. Surgical cutting and excision 
often involves exsanguination that occludes the sur- 
gical field, and the surgeon must employ an assis- 
tant to aspirate the field to permit adequate visu- 
alization. Ruid jet devices that aspirate the fluid 
and emulsified tissue also remove the blood and 
other fluids that might otherwise affect visualization 
by the surgeon, and they do so without involving 
additional personnel. 

However, fluid jet devices known in the prior art 
do exhibit some negative characteristics that limit 
their usefulness. Within restricted body cavities and 
organs, the volume of fluid introduced by the cut- 
ting instrument may exceed the aspiration ability of 
the instrument resulting in distention and expan- 
sion that can have deleterious side effects. The 
emulsification effect is primarily a consequence of 
pulsing the high pressure fluid jet, and the pulse 
parameters are critical in efficiently emulsifying tis- 
sue. Generally speaking, prior art fluid jet tools 
have not been capable of achieving sufficiently 



short, well-defined pulses of high pressure fluid to 
emulsify tissue effectively and completely. Any 
portion of a fluid pulse that is not delivered at high 
pressure is ineffective, and merely adds fluid to the 
5 surgical field. As a result, a greater volume of fluid 
is consumed for a given cutting or excision proce- 
dure, requiring more time for the surgeon and the 
provision of more robust aspiration capabilities in 
the tool. 

70 As a safety measure, it is critical that any fluid 
jet cutting tool be prevented from emitting a steady 
stream of high pressure fluid, which can quickly 
penetrate deeply into soft tissue and can cause 
catastrophic damage. Some prior art pulsed fluid 

15 jet instruments are not designed to inherently pre- 
vent a high pressure stream, and must be carefully 
controlled by external devices to avoid serious ac- 
cidents. 

20 Summary of the Invention 

The present invention generally comprises a 
pulsed fluid jet instrument for surgical cutting and 
excision. A salient feature of the instrument is that 

25 it is designed to be inherently safe by preventing 
the emission of a steady stream of high pressure 
fluid into tissue. Moreover, the instrument has su- 
perior pulse characteristics which optimize cutting 
and emulsification while minimizing the amount of 

30 fluid used in the process. 

The instrument of the invention includes a can- 
nula extending from a handpiece, the cannula hav- 
ing an inner needle designed to emit a pulsed fluid 
jet for cutting and emulsification purposes, and at 

35 outer concentric needle or tube connected to a 
negative pressure source for aspiration and evacu- 
ation of the fluid and tissue. The handpiece fea- 
tures a pressure intensifier piston arrangement that 
receives fluid at relatively low pressure, and op- 

40 erates reciprocally and reiteratively to pump the 
fluid through the jet needle in a series of high 
pressure pulses, each having a nearly rectangular 
pressure waveform. 

The pressure intensifier piston is T-shaped, 

45 including a broad end which divides a drive bore 
into an actuating chamber and a retracting cham- 
ber. A bistable valve is connected to admit high 
pressure gas into the actuating chamber, driving 
the piston to translate. The narrow end of the 

50 piston is disposed in a fluid pumping chamber that 
is connected to a supply of fluid. The translating 
piston drives the fluid from the pumping chamber 
through a first check valve into the fluid jet needle, 
which directs the high pressure fluid pulse to a 

55 tissue target. The bistable valve switches to admit 
pressurized gas to the retracting chamber, driving 
the piston retrograde and allowing the pumping 
chamber to refill with fluid through a second check 
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valve. 

There is no high pressure fluid supplied to the 
handpiece, and only the pressure intensifying 
pumping action of the piston creates a high pres- 
sure fluid pulse. Moreover, the gas supply to drive 
the piston is at a relatively low pressure, so that 
gas pressure cannot comprise a safety risk to the 
patient. Thus failure of the piston mechanism can- 
not result in the emission of a stream of high 
pressure fluid, and the instrument is inherently 
safer than prior art instruments that are connected 
to a high pressure fluid source. 

Brief Description of the Drawing 

Figure 1 is a functional block diagram of the 
fluid jet surgical instrument of the present inven- 
tion. 

Figure 2 is a perspective view showing the fluid 
jet surgical instrument in use. 

Figure 3 is a cross-sectional view of the pres- 
sure intensifier portion of the fluid jet surgical in- 
strument of the present invention. 

Figure 4 is a cross-sectional view of another 
embodiment of the pressure intensifier portion of 
the fluid jet surgical instrument. 

Figure 5 is a cross-sectional view of the can- 
nula portion of the fluid jet surgical instrument. 

Figure 6 is an end view of the cannula portion 
of the fluid jet surgical instrument. 

Description of the Preferred Embodiment 

The present invention generally comprises a 
pulsed fluid jet surgical instrument for cutting, ex- 
cision, and emulsification and removal of tissue. 
With reference to Figure 1, the instrument includes 
a handpiece 21 adapted to be wielded manually, 
with a cannula 22 extending therefrom. The can- 
nula emits a pulsed jet of high pressure fluid for 
surgical cutting and tissue emulsification. The can- 
nula 22 is connected to an aspiration system 23 
which provides vacuum aspiration to remove the 
fluid introduced by the instrument, as well as body 
fluids and emulsified tissue. The handpiece 21 is 
also connected to a low pressure fluid supply 24 
that provides the fluid which forms the high pres- 
sure pulsed cutting jet A low pressure gas supply 
26 is also connected to the handpiece 21 to power 
the handpiece to produce high pressure fluid 
pulses. 

The instrument is wielded by a surgeon as 
shown in Figure 2 to produce surgical cutting and 
excision effects for therapeutic purposes. It should 
be noted initially that the handpiece 21 is devoid of 
any connection to a high pressure source of any 
kind, so that no failure mode of the invention can 
introduce a high pressure fluid stream into the 



patient. Thus the invention is inherently safer than 
many similar instruments known in the prior art. 

With regard to Figure 3, the handpiece 21 
includes an interior gas reservoir 31 that is con- 

5 nected through port 32 to the low pressure gas 
supply 26. The handpiece also provides a piston 
36 having a broad head 37 that is disposed con- 
centrically in a bore 33 in a pressure sealing, 
translating fashion. The head 37 divides the bore 

w 33 into a driving chamber 34 and a retracting 
chamber 38. The retracting chamber communi- 
cates through port 39 to an actuating valve (not 
shown) that selectively vents the retracting cham- 
ber 38 and permits pulsed operation of the unit. 

75 The actuating valve may comprise a pneumatic 
switch on the handpiece, or a footswitch coupled 
by tubing to the port 39. 

The handpiece further includes a bistable valve 
assembly 40, comprised of a valve pintle 41 slidab- 

20 ly disposed in a bore 42. The bore 42 is connected 
through passageway 43 to the retracting chamber 
38 of the bore 33. A valve port 44 extends from the 
driving chamber 34 to the gas reservoir 31, and the 
tip of the valve pintle 41 seats in the port 44 to 

25 selectively block gas flow from the reservoir to the 
driving chamber. A compression spring is disposed 
in the bore 42 to bias the pintle to close the port 
44. 

The piston 36 includes a narrow pumping end 

30 52 disposed in a pump chamber 51. The pump 
chamber 51 communicates through an outlet pas- 
sage 50 to a relief valve 53, which in turn leads to 
a tube 54 connected to the jet outlet port. The 
relief valve is set to open at a relatively high 

35 pressure, so that no fluid flow is admitted to the jet 
outlet port until pressure in the pump chamber 
attains a high value. With this arrangement, the jet 
pulses are comprised solely of high pressure fluid, 
and the pressure versus time profile of each pulse 

40 approaches a rectangular waveform. Fluid such as 
sterile saline solution, Ringer's solution, or the like 
is supplied to the pump chamber from supply 24 
through inlet port 56 and ball check valve 57. 

To operate the apparatus depicted in Figure 3, 

4$ the actuating valve connected to port 39 is opened, 
venting the retracting chamber to ambient pres- 
sure. The pressure in bore 42 likewise drops, due 
to the flow communication of passageway 43, and 
the gas pressure in reservoir 31 overcomes the 

50 spring force acting on the pintle 41, The pintle 41 
is driven into the bore 42, opening the port 44 and 
admitting pressurized gas from the reservoir 31 
into the driving chamber 34. The piston translates 
toward the jet tube 54, compressing the fluid in the 

55 pump chamber 51. When the pressure in the fluid 
chamber exceeds the threshold of the relief valve 
53, fluid is expelled through the jet tube 54 as a 
high pressure fluid pulse. 
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It is significant to note that driving surface of 
the piston head 37 is far greater in area than the 
pump end 52, and that the force developed at the 
head 37 is transmitted to a far smaller fluid surface 
area in the pump chamber. As a result, the gas 
pressure driving the piston is greatly amplified (on 
the order of ten times or more), thereby creating a 
very high pressure pulse from a low pressure fluid 
supply and a low pressure gas supply. For exam- 
ple, fluid may be provided at approximately 100 
psig, and the relief valve may be set to open at 
300 psid or more. The maximum pressure devel- 
oped during the pressure pulse may exceed 1000 
psig, even though the gas pressure supplied to the 
instrument may be 100-120 psig. 

When the actuating valve is closed, gas pres- 
sure leaking past the pintle 41 and through the 
passageway 43 begins to build pressure in the 
retracting chamber 38. Pressure also builds in the 
bore 42, urging the pintle to translate and seal the 
inlet port 44. Gas pressure bleeds from the driving 
chamber 34 through a bleed passage 56, and the 
pistol retracts. The relief valve 53 closes when the 
piston begins to retract, and inlet valve 57 opens to 
permit the pump chamber to refill. Thus one high 
pressure fluid jet pulse is completed, and the ap- 
paratus is set to deliver another pulse. However, it 
should be noted that the actuating valve must be 
reopened to initiate another pulse, and that the 
mechanism is not free-running. Thus there is no 
possibility of the instrument delivering additional 
pulses after shutdown is desired, and the apparatus 
is inherently safe in another important characteris- 
tic. 

With regard to Figure 4, a further embodiment 
121 of the handpiece is designed to optimize the 
mechanical design of the instrument for efficient 
manufacturing, cleaning, and servicing. The hand- 
piece 121 includes an interior gas reservoir 131 
that is connected through side port 132 to the low 
pressure gas supply 26. The handpiece includes a 
piston 136 having a broad head 137 that is dis- 
posed concentrically in a bore 133 in a pressure 
sealing, translating fashion. The head 137 divides 
the bore 133 into a driving chamber 134 and a 
retracting chamber 138. The retracting chamber 
communicates through port 139 to an actuating 
valve (not shown) that selectively vents the retrac- 
ting chamber 138 to permit pulsed operation of the 
unit. The actuating valve may comprise a pneu- 
matic switch on the handpiece, or a footswitch 
coupled by tubing to the port 139. A bleed port 156 
extends from the driving chamber 134 to ambient 
atmosphere. 

The handpiece further includes a bistable valve 
assembly 140, comprised of a valve pintle 141 
slidably disposed in a bore 142. A valve port 144 
extends from the driving chamber 134 through port 



161 to the gas reservoir 131, and the tip of the 
valve pintle 141 seats in the port 144 to selectively 
block gas flow from the reservoir to the driving 
chamber. A compression spring 145 is disposed in 

5 the bore 42 to bias the pintle to close the port 144. 
A connector 160 is coupled to the outer end of the 
bore 142, and is connected to join the bore 142 in 
flow communication with the port 139 of the retrac- 
ting chamber 138. 

w The piston 136 includes a narrow pumping end 
152 disposed in a pump chamber 151. The pump 
chamber 151 communicates through an outlet pas- 
sage 150 to a relief valve 153, which in turn leads 
to a tube 154 connected to the jet outlet port. The 

15 relief valve is set to open at a relatively high 
pressure, so that no fluid flow is admitted to the jet 
outlet port until pressure in the pump chamber 
attains a high value. With this arrangement, the jet 
pulses are comprised solely of high pressure fluid, 

20 and the pressure versus time profile of each pulse 
approaches a rectangular waveform. Fluid such as 
sterile saline solution, Ringer's solution, or the like 
is supplied to the pump chamber from supply 24 
through inlet port 156 and check valve 157. 

25 To operate the apparatus 121, the actuating 
valve connected to port 139 and 160 is opened, 
venting the retracting chamber to ambient pres- 
sure. The pressure in bore 142 likewise drops, due 
to the flow connection between port 139 and con- 

30 nector 160, and the gas pressure delivered through 
port 161 from reservoir 131 overcomes the spring 
force acting on the pintle 141, The pintle 141 is 
driven into the bore 142, opening the port 144 and 
admitting pressurized gas from the reservoir 131 

35 into the driving chamber 134. The piston translates 
toward the jet tube 154, compressing the fluid in 
the pump chamber 151. When the pressure in the 
fluid chamber exceeds the threshold of the relief 
valve 153, fluid is expelled through the jet tube 154 

40 as a high pressure fluid pulse. 

When the actuating valve is closed, gas pres- 
sure leaking past the pintle 141 and through the 
connection to port 139 begins to build pressure in 
the retracting chamber 138. Pressure also builds in 

45 the bore 142, allowing the spring 145 to urge the 
pintle to translate and seal the inlet port 144. Gas 
pressure bleeds from the driving chamber 134 
through the bleed passage 156, and the higher 
pressure in the retracting chamber causes the pis- 

50 ton 136 to retract. The relief valve 153 closes when 
the piston begins to retract, and inlet valve 157 
opens to permit the pump chamber to refill. Thus 
one high pressure fluid jet pulse is completed, and 
the apparatus is set to deliver another pulse. As in 

55 the previous embodiment the actuating valve must 
be reopened to initiate another pulse, and the 
mechanism is not free-running. Thus there is no 
possibility of the apparatus delivering additional 
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pulses after shutoff is desired. 

With regard to Figures 5 and 6, the cannula 
assembly 22 of the invention includes an aspiration 
tube 201 extending coaxially and distally from a 
housing 202. A jet tube 203 is disposed concen- 
trically and coaxially within the aspiration tube 201 , 
and is supported by a mandrel 204 secured within 
the housing 202. The distal end of the jet tube is 
recessed slightly within the distal end of the aspira- 
tion tube, and the proximal end of the jet tube is 
connected to the high pressure pulse output 54 or 
154 described previously. The interior of the hous- 
ing 202 communicates with the interior space of 
the aspiration tube 201, and port 206 connects the 
aspiration tube to the aspiration system 23 de- 
scribed previously. The housing 202 is joined to 
the either of the handpieces 21 or 121 described 
above. 

The distal end of the jet tube 203 emits a train 
of pulses of high pressure fluid from the handpiece 
apparatus, causing the target tissue to be cut and 
emulsified. The suction provided by the aspiration 
tube removes the fluid emitted by the jet tube, as 
well as the emulsified tissue and body fluids, so 
that surgical cutting and tissue excision and re- 
moval may be carried out quickly and efficiently. 

The claims which follow identify embodiments 
of the invention additional to those described in 
detail above. 

Claims 

1. A fluid jet surgical cutting instrument, compris- 
ing: 

a housing having a fluid inlet; 

a cannula extending from the housing and 
having a distal end spaced from the fluid inlet 
of the housing; 

a pressure amplifying mechanism dispos- 
ed in the housing, 

wherein the housing is couplable to a gas 
source and the amplifying mechanism is re- 
sponsive to the gas source to convert low 
pressure fluid fed through the fluid inlet to a 
high pressure fluid output at the distal end of 
the cannula. 

2. A fluid jet surgical cutting instrument according 
to claim 1, wherein the pressure amplifying 
mechanism pulses the fluid output. 

3. A fluid jet surgical cutting instrument according 
to claim 2, wherein the pressure amplifying 
mechanism comprises a piston member which 
separates an interior of the housing into at 
least a driving chamber and a retracting cham- 
ber, the chambers being connected to the gas 
source to effect reciprocating movement of the 



piston member to pulse the high pressure fluid 
output 

4. A fluid jet surgical cutting instrument according 
5 to claim 1, wherein the pressure amplifying 

mechanism comprises a piston separating an 
interior of the housing into at least a driving 
chamber and a fluid chamber such that a first 
end of the piston is adapted to be driven 

70 reciprocally by pressurized gas, and a second 
end of the piston is adapted to pump said low 
pressure fluid and form said high pressure 
fluid pulses, the gas source communicating 
with the driving chamber and the fluid source 

75 communicating with the fluid chamber, and the 
fluid chamber communicating with the cannula. 

5. A fluid jet surgical cutting instrument according 
to claim 4, further comprising a pressure relief 

20 valve disposed between the fluid chamber and 
the cannula, the relief valve having a threshold 
pressure less than a maximum pressure in the 
driving chamber, such that when the maximum 
pressure exceeds the threshold pressure, the 

25 relief valve opens and fluid is expelled through 
the cannula under high pressure. 

6. A fluid jet surgical cutting instrument according 
to Claim 4 or 5, wherein a retracting chamber 

so is disposed between the driving chamber and 
the fluid chamber such that the piston mecha- 
nism separates the interior into a proximal por- 
tion having the driving chamber, and a distal 
portion having the retracting chamber and the 

35 fluid chamber. 

7. The fluid jet surgical cutting instrument of 
claim 4, 5 or 6; 

wherein said first end of said piston is 

40 disposed within a first bore, said first bore 
including first valve means for providing said 
pressurized gas to said driving chamber and 
said retracting chamber in serial, alternating 
fashion to drive said piston to reciprocate, 

45 wherein said valve means includes a valve 
pintle disposed in reciprocating piston fashion 
in a valve bore; 

an inlet port extending to said driving 
chamber to admit pressurized gas therein, said 

so valve pintle disposed to extend from said sec- 
ond end of said valve bore to selectively block 
and open said inlet port; and 

actuating means for venting said retracting 
chamber and said first end of said valve bore 

55 to ambient pressure, whereby said pressurized 
gas drives said valve pintle to open said inlet 
port and admit pressurized gas to said driving 
chamber and urge said piston to translate in a 
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pumping stroke. 

a The fluid jet surgical cutting instrument of 
claim 7, further including; 

pressure bleed means for venting said 
driving chamber and permitting gas pressure 
buildup in said retracting chamber to urge said 
piston to retract from said pumping stroke, 
said second end of said piston being disposed 
in a pump bore, said pump bore connected to 
deliver high pressure fluid pulses to said can- 
nula; 

a high pressure relief valve interposed be- 
tween said pump bore and said cannula to 
admit only high pressure fluid to said cannula; 
and 

check valve means for admitting said low 
pressure fluid to said pump bore. 

9. The fluid jet surgical cutting instrument of 
claim 7 or 8, further including compression 
spring means for resiliently biasing said valve 
pintle toward said second end of said valve 
bore to close said inlet port. 

10. A fluid jet surgical cutting instrument according 
to any one of the preceding claims, adapted to 
work with a gas source which is at a low 
pressure, such that low pressure gas and low 
pressure fluid are admitted to the housing to 
produce the high pressure fluid output from the 
pressure amplifying mechanism. 

11. A fluid jet surgical cutting instrument according 
to claim 10, wherein the fluid output is at a 
pressure at least five times greater than fluid 
pressure input to the housing from the fluid 
source. 

12. A fluid jet surgical cutting instrument according 
to any one of the preceding claims, wherein 
the fluid chamber is a rigid chamber. 

13. A fluid jet surgical cutting instrument according 
to any one of the preceding claims, further 
comprising venting means for venting gas to 
effect reciprocation of the pressure amplifying 
mechanism. 

14. A fluid jet surgical cutting instrument according 
to any one of the preceding claims, wherein 
the cannula is constructed and arranged so as 
to direct a plurality of high pressure fluid 
pulses toward a tissue target and to aspirate 
fluid and emulsified tissue from the vicinity of 
the tissue target 

and said housing includes handpiece 
means for supporting said cannula, said pres- 



sure amplifying mechanism disposed within 
said handpiece means for generating said high 
pressure fluid pulses within said handpiece 
means from said low pressure fluid and said 
5 pressurized gas and delivering said high pres- 

sure fluid pulses to said cannula means for 
delivery to said tissue target. 
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